ABSTRACT: A yearlong investigation of the Little Lost River, ldaho (five sites) was conducted to determine the environmental conditions and benthic invertebrate community composition of the stream and to discover factors responsible for distribution of the benthos. All chemical constituents measured showed a tendency to increase from headwaters to mouth. Stream temperatures ranged from 0-15 C near the headwaters and 0 to 22 C near the mouth. Chlorophyll a content of the periphyton was low (1-19 mg/m2) following heavy winter ice cover and spring runoff, but attained relatively high levels (12-68 mg/m2) by the end of September. Allochthonous detritus levels were highest (64-96 g/m2) near the headwaters; the lowest levels (16-24 g/m2) were found in areas where the riparian vegetation was restricted largely to sagebrush and grass.
INTRODUCTION
T h e Lost Streams of Idaho constitute a unique set of isolated lotic environments located along a 146-km front in the Upper Snake River Valley of eastern Idaho (Andrews and Minshall, 1979) . The streams originate in the Rocky Mountains bordering the Continental Divide and flow in a southeasterly direction to the edge of the Snake River Plain. The Snake River Plain is a high plateau built u p of basalt lava flows erupted during the past several million years. The lava flows are very porous and streams contacting them disappear from the surface-hence the name, "lost" streams.
The present study involved a yearlong investi~ation of one of the Lost Streams, the Little Lost River (Fig. 1 ) . The main objectives were to determine the species composition and longitudinal distribution of the benthic community of the Little Lost River and to see how these varied seasonally. This permitted placing the results of a more limited survey of all the Lost Streams in ~erspective and gave insights into the factors responsible for the macrodistribution of the benthic invertebrates.
DESCRIPTION OF THE LITTLE LOST RIVER AND COLLECTING SITES
Little Lost River arises in rugged mountainous terrain, near Mt. Borah, the tallest peak in Idaho (3750 m elev.), but soon enters a large glacial valley. Most of the streams entering the valley from side canyons sink into alluviunl ( u p to 900 m deep in places) before reaching the river, except possibly during times of high runoff. The river disappears in an ephemeral playa, known locally as the "sinks," near the margin of the Snake River Plain and approximately 85 km from its source.
The stream lies at the northern edge of the Great Basin province. The climate is cool (mean annual temperature, 6C) and dry (30-76 cm/year). Summer temperatures rarely exceed 25C. About twice as much precipitation falls on the mountains as in the valley. Most of the stream flow comes from the mountains and originates as snowmelt. Sparse stands of coniferous trees characterize the mountains, while the vegetation of the valleys is largely sagebrush (Artemisia tridentata) and grass. Near the stream mouth, where it enters the Snake River Plain, some agricultural use occurs.
Five study sites were selected in riffle regions along the river from the headwaters to near Howe, Idaho (Fig. 1 ) growing along the river. Along rnost of this section conifers form a canopy over the river. T h e substrate consists of stones 10-30 cm in diam. Small pools, created by conifer trees that have fallen into the stream, are connected by riffles.
Station 1 is ca. 200 m upstream from the mouth of Sawmill Canyon. T h e riparian vegetation is dominated by balsam poplars (Populus balsamifera), many of which were killed by fire in 1963. River birch (Betula fontinalis) and willows (Salix spp.) are common, with crested wheat grass (Agropyron cristatum) forming most of the ground cover near the streain. T h e substratuin is mostly stones 5-30 cm in diam, with some smaller material. T h e stream consists of riffles and only an occasional pool.
Station 2 is ca. 50 m below the confluence of the Little Lost River and Summit Creek and 12.1 krn below the mouth of Sawmill Canyon. Below Sawmill Canyon the river loses as much as 5076 of its flow to percolation into the alluvium. No trees occupy the banks in this area. T h e vegetation is dominated by sagebrush but includes crested wheat grass and Poa spp. T h e substratum consists of uniform stones ca. 5-12 cm in diain, with small sand deposits present in the meanders.
At Station 3, u~illon~s T h e surrounding vegetation of the line the stream banks. valley floor is a mixture of sagebrush, crested wheat grass, and rabbitbrush (Chrysotlzamus nauseosus). l ' h e substratum consists of alluvial gravels 2-10 cm in diam, with sand deposits at the meanders. Velocity was greater here than at any of the other stations, as was discharge. T h e latter is due to the inflow of several small, spring-fed creeks immediately upstream where the water table is forced to the surface by a large ridge extending from the Lemhi Mountains. Long nonturbulent runs and short riffles characterize this section of the stream.
Station 4 is 1.6 km upstream from where the river sinks. Koses (Rosa woodsii) and willows dominate the streamside, with balsam poplar and dogwood (Cornus sericea) occasionally present. The surrounding area is agricultural land, and during the irrigation season part of the river flow is diverted to nearby croplands. T h e substratum is smaller than at the other stations, averaging 2-5 cm in diam, with sand and silt mixed in with the rocks. Dischar~e here is less than a t Station 3 " because of water loss through infiltration.
METHODS
Benthic invertebrates and water samples were collected monthly. Qualitative benthos samples were taken with an aquatic dip net (1-mm mesh) over a wide variety of habitats. Quantitative samples were collected by using redwood trays 625 c m V 9 5 cm high, each containing 23 basalt rocks of similar size, shape and texture. These were placed within a riffle of each study area and were emptied monthly except when ice cover or high water prevented collecting. T h e trays were identical to those described by Minshall and Minshall (1977) . They were removed by slipping a dip net (1-rnm mesh) underneath each tray and quickly raising the net, and the enclosed tray to the surface. In the subsequent processing of the material in the laboratory, a sieve having the same mesh as the netting that lined the bottom of the trays (263 ,urn), was used.
Water samples were obtained from the center of the stream, treated with 5 ml of chloroform, and returned to the laboratory for chemical analysis. T h e methods used are the same as those described by Minshall and A n d r e w (1973). Maximumminimum recording thermollleters were placed on the streambed inside sections of pipe and were read monthly. Discharge was calculated from stream velocity, depth and width. Velocities were measured with a small Ott C-1 current meter.
Chlorophyll a content of the periphyton was measured twice during the growing season. Chlorophyll extractions were made by immersing rocks from a 156 cm" area in 9076 acetone. Extraction was carried out in black containers kept refrigerated during the 24-hr period. Spectrophotometric determination was with a Beckrnan DB-G Spectrophotometer, using the techniques and formula presented by Strickland and Parsons ( 1968) .
Allochthonous leaf detritus from the substrate trays was examined in Septerriber and October 1970. The trays were in the stream 30 days prior to sampling. In the laboratory, leaf detritus was separated into coniferous and deciduous goups, identified, dried at 60C for 24 hr and weighed.
RESULTS

LIMNOLQGICAL PARAMETERS
Longitudinal variation in pH, specific conductance, total alkalinity, nitrate, phosphate, turbidity and discharge for the five stations of the Little Lost River are presented in Figure 2 . Most of the constituents increased downstream, although the highest amounts usually were recorded at Station 3. Most streams increase their volume of flow downstream but the Little Lost River deviated from this pattern. After the stream leaves Sawmill Canyon, it rapidly loses water to the porous alluvium over which it flows; the same thing occurs again below Station 3.
Station 0 has the narrowest temperature range (0-15C). The maximum was reached in July, after which it decreased rapidly (Fig. 3 ) . The elevation of Station 0 (2268 m ) , the extensive forest canopy along the stream and the canyon walls are responsible for this. In contrast, Station 2 had the greatest temperature range during the year (-1 to 24C) because of its full exposure. From December through March this station had ice cover, which attained a depth of 1 m. Both anchor ice and surface ice were present. The other accessible stations had only light ice cover or none at all.
DISTRIBUTION O F P L A N T MATERIALS
Periphyton (as chlorophyll a ) and allochthonous detritus standing crops were assessed as measures of potential food available for the invertebrate community. Chlorophyll a was lower in July than in September at all stations (Table 1) as a result of snowmelt runoff. Except for Station 0, which had high values due to a large amount of Nostoc, there was a progressive increase in chlorophyll a concentrations from headwaters to the mouth. Levels of deciduous detritus ranged from 19 to 128 g DW/m2 (Fig. 4 ) . Highest amounts were at Stations 1 and 3. Station 0 had mainly coniferous detritus; less than 10% was of deciduous origin.
LONGITUDINAL DISTRIBUTION OF INVERTEBRATES
Ephemeroptera.-Five species of nlayflies were restricted to the headwaters (Table 2 ) . Nine species extended from the headwaters onto the valley floor, and all but three of these occurred throughout the entire stream. Six species were taken only on the valley floor and were restricted to one or two sites Rhithrogena robusta was the predominant mayfly at Station 0. Rhithrogtna hageni replaced R. robusta as the predominant mayfly at Station 1 and was even more abundant than Baetis tricaudatus, which predominated at the remaining three stations. Eight species of mayflies were taken at Station 2 during the winter months, with an average of only one individual of each species taken per collection. However, during the summer-autumn period 12 species were found here in much higher numbers. I t appears that the harsh winter conditions, including anchor ice, had a detrimental effect on the mayflies but that by summer successful recruitment into the community had occurred by drift or through the hatching of eggs. T h e only mayfly restricted to Station 3 was Ephemerella flauilinea, which was taken only in March and April but in fairly high numbers. T h e only mayfly restricted to Station 4 was Tricorytlzodes minutus, a slower-water species. Most mayflies were absent or scarce from samples during June and July.
P1ecobtera.-Distribution of the Pleco~tera is similar to that of mavflies (Table  3 ) . Of 16 species of stone flies, four were restricted to the canyon, eight were found in both canyon and valley, and four were found only at the lower end of the valley.
Stone flies were important components of the aquatic community a t Station 0,where they comprised 27% of the total number (Nemoura predominating), and also a t Stations 2 and 4, where they comprised 12% of the total. Arcynopteryx parallels and Pteronarcella badia were the most numerous of those which were distributed along the length of the stream. These two species are eurythermal and also have a large altitudinal range in the Gunnison River, Colorada (Knight and Gaufin, 1966) . T h e distribution indicated in Table 3 agrees with the findings of Knight and Gaufin on altitudinal range, except in the case of Isoperla fulua and Claassenia sabulosa, which were restricted to the lower end of the Little Lost Riber valley below 1647 m elevation.
Triclzoptera.-Of 13 species of Trichoptera recorded (Table 4 ) , four \.\-ere restricted to Sawmill Canyon, and three of these were species of Rhyacoplzila. Another member of that genus, R. acropedes, occurred along the length of the stream except at Station 2. Arctopsyche grandis and Glossosoma sp. were the only species found over the entire stream, but seven species extended from the canyon onto the valley floor. The most abundant taxon of Trichoptera was Glossosoma sp., which was numerous at all stations except Station 0. Hydropsyche sp. was quite numerous at Station 4. The least number of species (five) was at Station 2; the other stations each supported between seven and nine species. The fewest individuals were at Station 0.
S t x i on
Miscellaneous taxa.-Four groups of dipterans were widely distributed and numerous throughout the stream (Table 5 ) . One beetle, Agabus sp., was restricted to Station 0. Another, Dubiraphia sp., was restricted to Station 1 and Lara sp. was restricted to Station 2. Optioservus quadrimaculatus and Bidessus sp., were more widely distributed, occurring at Stations 1 through 4. The snails Gyraulis, Pisidium and Physa were taken only at Stations 3 and 4. Only one amphipod, Gammarus lacustris, was taken in the trays, and this was at Station 4 in August.
SEASONAL OCCURRENCE OF INVERTEBRATES
Efforts to discern the seasonal occurrence of benthic invertebrates at each of the sites were complicated by sampling difficulties due to snow, ice cover and high water during winter and spring, especially at the upper stations (0-2). However, most of the 34 common species ( > l o individuals at any site) were present at one or more stations during all seasons. A few species of Ephemeroptera and Plecoptera showed more restricted seasonal patterns (Table 6 ) , including those apparently restricted to spring (Ephemerella flavilinea) , summer-autumn (Cinygma sp., Epeorus grandis) and autumn-winter (Capnia sp.). It is noteworthy that there was no strong correlation between the season of occurrence of members of the latter group and their spatial distribution. However, a number of the species present during all seasons showed seasonal differences in abundances at the different stations. This is illustrated by a few selected cases in Figure 5 . When all species were grouped according to their occurrence in winter-spring vs. summer-autumn, there was n o substantial difference in the Shannon-Weiner index of species diversity (H') between seasons or between sites (range 3.03-3.74) except at Station 2, which had a value of 3.77 in the summer-autumn period but only 2.80 in winter-spring. Species richness also was reduced from 32 to 15 at Station 2 but showed little or no change a t the other sites. These differences are attributed largely to the severe ice conditions at Station 2 since the effect of spring runoff, the other catastrophic event occurring during the winter-spring period, should have been similar at all stations.
CONCLUSION
The benthic invertebrate fauna of the Little Lost River is composed mostly of insects; 62 of the 68 taxa belonged to this class. Ephemeroptera was the predoniinant group in terms of both species (29% of the total) and numbers (62% of total), 
